Introduction
Several chemical species in the stratosphere are regarded as long-lived tracers because the timescales for their chemical sinks or sources are usually longer than the timescales for atmospheric dynamical processes. The mixing ratios of those trace gases, for example, can therefore be used as labels of moving air parcels for a time period shorter than the chemical timescale or diffusive mixing timescale. In fact, satellite obser13,928
LUO ET AL.' HALOE HF VERSUS CH4 CORRELATION PLOTS by the Halogen Occultation Experiment (HALOE) instrument on UARS since October 1991.
Luo et al.
[1994] described HALOE global observations of HF and demonstrated that stratospheric HF, which is an inert reservoir of fluorine in CFCs, can also be treated as a long-lived tracer in the stratosphere. We will present the HALOE CH4 global distribution here and discuss its similarities and differences with HF. Theoretical model studies also indicate that the mixing ratios of long-lived tracers can have simple interrelationships [Plumb and Ko, 1992 ]. An ideal pair of tracers which are in the state of "slope equilibrium" (the chemical timescales for the species are longer than quasihorizontal transport timescales) will share surfaces of [Fahey et al., 1990; Profrill et al., 1990] . A commonly used assumption in such studies is that the correlation between tracers is universal. By this it is meant, for example, that it is reasonable to assume that observed tracer correlation curves in the midlatitude are also applicable in the polar vortex and any departure from the curve would be due to perturbed chemistry. Although some tracer fields in the lower stratosphere are indeed very close to "slope equilibrium" and their VMR correlations should merge to a universal nearly compact curve, it should be borne in mind that air in the polar region and near the ozone hole has been isolated from the rest of the atmosphere for a long season and it originated from a higher altitude [Russell et al., 1993a] where chemical processes may not be negligible. Hall and Prather [1995] studied N20-O3 correlations for a modeled vortex with only normal gasphase chemistry. Their results showed that the correlation curves of the two species in the lower stratosphere inside the vortex depart from that of outside, which suggests less ozone would be found on a N20 surface across the vortex boundary. In this paper we will examine the correlation curves for HALOE simultaneously measured CH4 and HF in the polar vortex and compare them with those outside the vortex. HALOE data clearly show that CH4-HF correlations follow different curves for measurements made inside and outside the vortex.
HALOE Observations of CH4 and HF
Since launch in September 1991, the HALOE instrument on U ARS has been operating essentially without flaw. This solar occultation instrument consists of eight optical channels measuring atmospheric absorption features by various stratospheric gases and provides retrieved volume mixing ratio profiles of a number of key chemical species at every spacecraft sunrise and sunset event. A detailed description of the instrument and its measurement coverage can be found in the work of and HF relationships indicate that the CH4-HF correlations shift with latitude, suggesting that they are not in an ideal "slope equilibrium" or "gradient equilibrium" state globally. Figure 7 shows HALOE-observed CH4 versus HF in September-November 1992 for the southern hemisphere on the 650 K potential temperature surface. We found that the data seem to follow a compact curve. However, comparing to our collections of global CH4-HF curves, 
Conclusion
In this paper we discussed the interrelationship between two stratospheric long-lived tracers, CH4 and HF, using a year of global HALOE observations. This study allows us to quantitatively examine the roles of chemical and dynamical processes on the distributions of stratospheric tracers. In general, the meridional structures of CH4 and HF for different seasons are nearly identical, which indicates that in most parts of the stratosphere the chemical timescales of these two species are usually longer than the timescale for dynamical processes. Several distinct features in their VMR zonal mean pressure versus latitude cross sections that have been predicted theoretically or observed in tracer measurements by other satellite instruments are clearly shown in HALOE data: namely, the equinox "double-peak" in tracer isopleths associated with the semiannual oscillation, the tilting in the tracer equatorial vertical axis during solstice conditions, the relative flat VMR surfaces, the "surf zone," in winter midlatitudes bounded by po- Prather [1995] , less O3 on a given N20 surface is found at high latitudes than at midlatitudes. We conclude that the usage of universal correlation curves between tracers has to be examined carefully, especially for some stratospheric tracers which have even a shorter chemical lifetime than the CFCs, such as O3 and HC1.
